SPECIFICATION 



TO ALL WHOM IT MAY CONCERN: 

BE IT KNOWN that we, TAKAHIRO YAMAGUCHI a subject of 
Japan and residing at Nerima-ku, Tokyo, Japan, MASAEHRO ISHIDA a 
subject of Japan and residing at Nerima-ku, Tokyo, Japan and MANI SOMA 
a subject of U.S.A. residing at Seattle, WA 98177-4611 U.S.A. have invented 
certain new and useful improvements in 

"APPARATUS FOR AND METHOD OF MEASURING JITTER" 

and we do hereby declare that the following is a full, clear and exact 
description of the same; reference being had to the accompanying drawings 
and the numerals of reference marked thereon, which form a part of this 
specification. 
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DESCRIPTION 



APPARATUS FOR AND METHOD OF MEASURING JITTER 

ffi $ S> y * j£ <g B 23. ^ C m f 3 o 

«£5fcJ3SB5>y * (period jitter) ®ill3£CH\ * >T A 4 y 9 - rtfr • 7 ± 9 4 
if (Time Interval Analyzer) ^tiyn^n-y (oscilloscope) ^fflV^Jxt 
V>*o rh6tt^a^ DX^ (Zero-crossing Method) tmttl, HltSt 
i^tiajAtftltiPLL (Phase-Locked Loop) 1 H^©^D^ft (MJ 
x (t) &9 4 1*4 y?-;ijis7i-^4*f 1 2^iSns„ MJ^fs 
-f-x (t) Jilo©ir±OK:*fU^0SC±O* s ^lftO«J:*5K:«e,r, fli:ft±9<Z> 

mmmm (mm (period)) &$j^u mna>i&*>% (fluctuation) 

^A#P#r (histogram analysis) C «fc 9 SI5£ U f©tx h ^7A%B2C^-r 
i^CgitS. ?UO^-^^7t7-ffCoMtt, flJxJf D. Chu, 
"Phase Digitizing Sharpens Timing Measurements" IEEE Spectrum, pp. 28-32, 
1988. J.Wilstrup, "A Method of Serial Data Jitter Analysis Using One-Shot 
Time Interval Measurements" .Proceedings of IEEE International Test 
Conference, pp. 819-823, 1998. CfBHSftTV^o 

&1t, Tektronix ft LeCroy ft«\ fttH9& (interpolation method) £ 

S&fliV^fcS? v *»l5£:frft (ffiM^-^ • *Sl5£;frft (interpolation-based 
jitter measurement method)) -9- y ^ 'J > ?-£fltzWLWM.fe J $<DW%. ; T - 
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■o^O03t:it±?^ MiPLLl l^e»©MKftx (t) lifJ? 
wT<fc5CA#Sftfc»«l£«*x (t) tt7tn^^W15T'f^ 

MPH36*ailjesn, ^©i'J^li^t:^ b^A^t* h^Ajf^SIl 8C^$ 
RMS & Peak-to-Peak Detector 1 9 ft *o ^^.«»fll^#^x (t) #0 

*7 <i y 9 — A )VT ~)~ 4 if 5* s> * SI5£^fe « . -tf o ^ o ^ f$ ©B#K 
^©m, SJ^&fTftfcftV^y FNfM (dead-time) #&5fc«>, t7h^7i» 

t7 h^^A^IEb<mS^^T, ^fi^^i^fFfffi (overestimation) 
5£%^>f A>f >^-A^T^-7>f ifCtOfrofeW^, 2^¥^ffi/5 ? 7. 7 2p 

3ftd*fb,dO^W*e>tt,T.J. Yamaguchi, M. Soma, M. Ishida, T. Watanabe, and 
T.Ohmi, "Extraction of Peak-to-Peak and RMS Sinusoidal Jitter Using an 
Analytic Signal Method, " Proceedings of 18th IEEE VLSI Test 
Symposium, pp. 395-402, 2000. tJaTC^SS? v 9 mfc^te*^ Ltz a 
6C^tJ:^C, SK^PLL (Phase locked loop) IslSS 1 l^e>©T^-n^© 
* n v 9 fcWtf 7ta ^fi> * /l^&SI 2 2-efi??Wn^ffx c (t) 

cassis ft, mmm^m^&z 3 1 LTot;^* b2E&*f&£»2 4^f£& 

SftT«*»fi!>»«fM-^z c (t) C£&3ftSo 
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x c (t) =A C cos(2 7T f c t + 0 C -A <t> (t) ) 
x c (t) = H[x c (t)] = A c sin(27if c t + 0 C - A(j> (t)) 

x c (t) i:x 0 (t) fe^n^nsfffao^ftsu^^afcap^i"*^^ 

Z c (t) - + X^Ct) + ^ _ ^ + . ^ ^^2^^ + 0c _ A())(t)) 

z c (t) *»P,ttl»^<acffl}t5£S26^^n y ^«#x c (t) ©I? 

H#{fcffl0 (t) 

@ (t) = [27rf c t + 0 c -A0 (t)l mod 2 7r [rad] 
#»5£«*n5o £ ® (t) ii'J-7feffira27t 1 J-7ftffi« 

*$ntffiffl«t«f (t) ^#P»nS» U-T&fflK4**2 7Cl^ 

(t) 

0 (t) = 2 7T f c t + 9 C -A <t> (t) [rad] 
ClEftSnSo fil7V7f JoseM. Tribolet, "A New Phase Unwrapping 

Algorithm". IEEE Trans. Acoust. , Speech, Signal Processing", vol.ASSP- 
25, pp. 170-177, 1977. Kuno P. Zimmermann , "On Frequency-Domain and Time- 
Domain Phase Unwrapping, "Proc. IEEE, vol.75, pp. 519-520, 1987 C^$HT 
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*m\^x. n£*)±ommiiLffid ct) \znLM^2mm^^^umM^^n^ 
tis^n^o icKsnf: u-rffiffi C2 tt f c t + # c ] mm&m e (t) 
d»p,5l*iaJ3 i^*$n, $fB#ftffle (t) 0»^a<z!> (t), spt>isi$ffcffi 

e (t) =A^ (t) 

##P>n5o r O i ^ i: l X# ^ A ^ (t) ^a^nx 

^■y-f^ 4 3 "C-^y^U v^snfc^'f 5 y A [n] L ~C fcf — ^ 

, y ^ lf-^^{f5^3 2 CA^Sn, A [n] (=A (nT)) ©f^ tf- * ffi max (A 
0 [k])fc, «/hfcr-*fc min(Atf[k])£:0llE£:£$-^£9^ 3 

A<l> pp = max(A«k]) - min(A*[k]) 

*fcBBf*>f 5 y v 9 %3\ A (t> [n]/& s 2^¥^l^m^3 3CiAA$H,^ 
© 2§g 5 Pi% 
(RMS) 



^^>y^0 2fWfife> «feffli«A^ (t) ^^^ftS^S^A^S 
fcUfSo ft&$mfcffl3§W«A <£ (t) ftlft^Ffeffi^A^ (t), &SV>«ffi 

ffiltWA^ (t) - £ i k£> ; £>o 
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f f ^ A y ? - A;U7 1 7 ^ f M i: Sift© l> 5 y ?m*mfe~t 
Summary of the Invention 

S) 0)m*^V4 y®.x (t) (DMffitS^te, 
z(t) = x(t) + jH[x(t)] 

= Acos(27tf 0 t + 9 - A(j)(t))+ jAsin(27if 0 t + 0 - A<J>(t)) (1) 

m?.H^ 0 f o teW.Mfem j ^(DM$:m%i$tT*&K), f 0 = 1 /T 0 -C2fe£o z 

(t) ©iSHfJ^IISifc (instantaneous frequency) 

1 _(Q(t)_ 1 _ x(t)H'[x(t)]-x'(t)H[x(t)] 
T 0 +J 2n 2n x 2 (t) + H 2 [x(t)] 



[Hz] (2) 



J_ 
T 0 



T 0 +J(t)«T 0 fl + ^-A(t)'(t)) [sec] 
K 2n J 



(3) 



ttzZo mm&mm^fliM a $ (t) ttmrnm^z (t) ©hmx ct) 

^HPBT kiktl **aS*^S3T 0 K:^LV>i:^5E-r5i:, J18$i» ? J te> id 



Trl ,_A<i>[k + l]-A<|>[k] t sec] (4) 

J[kJ- ^ 

To 

^^-e^tT^feffi^WWA^ (t) ^y^'i^u^fc^ 07 

tr^y^ti^^°^ xtt ^ fc< '® i:45 ' ^^^^ 
^ao^y^^fc.fcs***''' r^s^^W^ (4) £tmuT 

<a*«*<fcifc (oversaving rate) ^/hSV^iWJW^ ^ ^ ©W^*^* 

C^TJ:?^ (4) C$»LtljE«:tS. 

tfm _ A< K k + 1] ~ A<t>[k] f T ° 1 [sec] (5) 

2^ (j k , k+1 J 

^**lt Ck] ^©M^t^^:^**^^^^° 
Tkk+1 =t [k+1] -t Ck] Usee] (6) 

(Ideal Value) <*S«+C7*f) */M«£*o H8tt, 
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^^itmrM^^-^y^llfco wc, ****** 

(oversaving rate) ^Ofc*. H 8 + © A 0 Method 

#T,/T kW fc.fcS»£&L*^*^ Corrected A 0 Method ^T,/T tw C £ 

T 0 £ 0 CD«*J«©ft©«ftK:*r-r U T 0 /T k . k+1 ©ffiE£ 

<a»**fc&l. 5) 1 8 

IK ©Mfl^fa © V y 9 «t < «H5£^ £ * 3 t C ft S 0 

J!6£)3^-y ?£^&6^<^8BWu mj ™ (m=0. 5, 1, 2. 3. 

#9) *o*n*j&fcoff0£1^#9 (*fctt^±« l 9) * n * n * jft *3 
*/h«©^*w-#-r 4 - ^ C £ 0 . JBJW* * * ® RM S fig J RMS z * v * * 

[secl (7) 



J OD = max(J[k]) - min(J[k]) t sec ] ^> 

k k 
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&~em%.Litmmv v y a (hob) ^o^^A^y^-;^ 

/U • 7^7>f ifemfeLtztT. h ^ A (0 1 OA) LT^-To 

01 1C, Corrected A 0&cT$J5£ L/cJM^ y * ORMSli: t?-* y * t°- 

5 n 6 ^ y * © hf - * y * if - * H J p p » , >f ^ y h & (if a * a x ») 

pp = 4 5 p s tfjEL^fif^&SoB! 1 1 CfcttS J pp CD&iltt 4 5 p s %3tfili: 
Lfco 01 OA, B:fc<fctfBll lC^ti^K, Corrected A <bm%, Ifc^mt 

J cc [k] = T[k + l]-T[k] 

= (T 0 +J[k + 1])-(T 0 +J[k]) 

= J[k + l]-J[k] [sec] (9) 

)VmM*J v 9 ORMSiUJ cc. rms^^-^^ * J cc. pp ^^tlftlT 

ll L 2 

J ccrms = - J l Z J cc M [ sec ] 0 °) 

J CC,PP =max(J cc [k])-min(J cc [k]) [sec] (11) 

k k 

0 2l«©^i(?)k^ h ^7A^tlT^?.„ 
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ft >j r Tfeffi^ 2 7 ^ ?,#^f;i Wit W 4 ^ (t) 
n^^543W-C«Wrfl*z, (t) ©*»»x- (t) ©tfo^n** 

2 3 A* ^HfP©»x t ( t ) flMf n * n 

sn5 ^«x c (t) 1 0 0%M/v> */jN«%0 96U^i: 

U ^D^^H^tT, m**^***^ 0 *^^ (50%) 
fc*ffiT*. x c (t) 0«O^9t>^I^O°/o^M (50%) fc© 
ft ( Xc (j -1) -V (50%)), (x c (j) -V (50%)) HCi 

(x c (j-D -V (5 0%)) x (x c (j) -V (5 0%)) 

x c (t) *5 096l^/K olHnWtWS^ 
r ^Ix c (j-l) -V (50%), x c (J) -V (50%) 
■&iE, X«jE*5>ftc:fr*>**^ «rE*#AfcfcofcR#tt, x c (t) tf-Vui, 
^MWofc^c&O, *©i$jfcfc;fe»*^7/H*x c ( i - l ). x 0 ( j) 
©»**«©*«* V^0»J j-lXttj n fc ttf* 5>n*> 0 

sn^o o^A^na^ Ck] [k + i] r^x^ (4) MS 

Sn, kCDWf^K:, * (4) tfiUfSn, fl*^***^*^**- * 
jft»-lfn^n^lWHItHlt»4 7tiX*Sn, * (6) J: OEtt* n * n * 

«s»2 93^e»©v-TfitffiA«as*«ja«fe5e*48K:A*sn, *©v=7»i* 
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£*ffl»9$£ffi 4 8 Ki A D $&8* 2 2 J; 0 ®#W5£«** A* U £ 
tttfn * n ^^KPBT k . k+1 4 8 J: 0 ©S*^^T 0 h «IE^ 

cttft»«n4t*c, <i*»u>**) attsnfcfliw* 

^32i:> A#2n/c^>y ^^J©2^ (RMS) fift*tH(fr S RMS&EB 

3«IE^4 9©ffliJ«Kl««Sn-CVN*^»7?tt, HUES 

if-r7^-^W32T^ (8) ^sanTaa***©*-**** 
-**j w ##«>5>*u RMs*a»3 3t* (7) m\%isnxmm9 v 9 <o 
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tW y*tw*ia^3 2-c3; (1 1) tfft*&tiV4'W*< 

IWS* ^ y f53***U, MjEpP 49« ©WE;* nfc JSJW* * * **l 

0W -oX»2o0*tU^ »B#fcffl**Atf (t) ^y/'Jv^t 

U-C. ««IEil^K:J:Offiffl***^A* (t) £ ^ < IE* 

^O^tfifca^-yxSSjft (FFT) C*0««««*©W«^^^^«^ 
^ 4 2iCt5. < )V9 6 20^»1f«W6 3CA0«i 
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x^?Mt£ftfcA##-^«Ay 7 r^tV7 1 KfSISn, ^y 7 r^t'J 
K>ftL^7 2C«fc0JIE»:m0tfJ$n, «il^7 3t««sn, ^ 

r©^wjps$nfc^-^^NF^M«^^7 6(a»), 3SFFT^ff^nx^r^ 

M 1 2^1:18^ J:-5C v - T&.mm^m2 7©mM£> •fg^M^^-^ 

A*##x (t) ®3£#^i£ftf 0 C*fU +#{51^ W^KlOMHztD^n 
y * kHz g£(ZHEffii£j£#£|&* LT, tf- * y * If - * S> y * 

mmtiLffi^mmtiLmmfeffiz 6-ejt^L^y ^2 0 3 c^t, u -Tfeffljt 

£Sf$2 9 (86) C«fc9, £©»B#ftfflfrP>3iag8j&*n y ^ ffi-^ 5 V 

- 7 i^feffl 5 i: 4 8C<fc9 'J ^TI»B#fifcffi©i«t 
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A</> (t) ^i^t^o 
Xf^2 0 5Wt, t*n^D^y^43t««tA^ (t) 

^^207 C^T, *#»4 6H«M$ >^ * ***l©i££*ai 

lEgp 4 9 C <fc 0 A W * y 9 **l C ** U , tM85£«* ® » * ° * ° * RM 
MM®ifcT Q /T k . w «:*J|CbT. JS#K:J:*«a^***fl**IE*^ 

8s;**0fcr-*y*fc:-*fiJpp*#«>. rms*iM3 3 (7) £fflv^ 
the* **®rms*u txF^^i 8«a»u;***ai 

^HjBf3 2tt* (11) ciO^^^^O/u«Ws?^©br-^y-» 
J*,****)* RMS«B*3 3tt* (1 0) CiOH-OF^^ 

xf ,^ 2 0 3*©**JWT 0 ©jf£. *:rV/2 0 6©i£n^nxB#ra 
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PST kk+1 ©ff-|M**r * 72 0 8H*5»5ffiliEMK:*«)T^^ii«I: < . mUmo 
fit, RMSi, t7h^7A©|5IH^loXa2o?:tft5^tfeij;^„ 

PJ^IS-^ =& a t> c A d fMt t* * ;H3^ i;W?»:tft<, 7to^ 

±$T«f$fc*B*IWA<£ (t) SMn^nxWV^'iV^lT^ 
>f $;/^v*#?IJAtf Cn] **frtzi)K 'J-7m*827tt06t^ 

T*b£\^ fc*\>li*«fcffi«*»2 8fcU-7fitffl«IJE*2 9Rtf«*»3 1 
^y?&?UA0 Cn] dS#P>n*„ 

ffl 2 7 C ^ L C «}: 0 fx -5 , ©Wi »B 1 7C^t«):^C, 

g| 1 5+©^f-y^2 0 7fy^2 0 3at% 3fi$cfc 

fflW2 8i:J;'), Wftffl^ai^iMcliU Xr^2 0 3bt% 

L T^^Uffeffi A 0 (t) So 



-15- 



ftffiSE t T 4, J: W t> X 7^ vf 2 0 4 ti^itfeffi fcifitt* ° *° 

jaii&^fc J; -5 C £ ® & C * Hfcf, n * n * C i S +r > ~f D > ft 

$£1^ ai jrr s ^ n & -e t & „ 
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9 b — A 

jiiaMj^-t^A^^H, ^(Dmm&.mm^^^. ±ibw£5lM«#a 

n ^ n ;* ir^PiT k . k+1 ©ttT„ /T k , w £±I2JiX)!^ v ? ^JCftHC UTffiiE^n 
£AiH" -So 

t T ±IB y ? & ffi^ tH * T 5 0 2 * ^ tr 0 

3. * l^f A 1 Xtt2©SSE^V>T, 

_hsa^«-^0ll»^A^$ti. ^©-(fa^ax^^ ^ > 

±iB«^«^^A^$n^^^^^©IP^feffi ; S:^26-5^feffiJi^i:> 
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4. 9 W A 3 ©Sttfr&VM:. 

5. ^ W A 4 £>SfiC &V^. 

6. ^ U-f A 4 ©S*f'*5V^T. 

7. ^ W A 3 0^*t^3V>T, 

8. mj^m-^©^^ *£$y;rr6?m-e&oT, 

±iaM^«^-tfn^.n;* y £c^v^^ mTM-t£ n ^ a ^ ^ ^ 

Xx >y 

±fEffijE£ftfcJM^ y * &#|jfir> P>±f5WJ^«-^cZ)^^^ v 9 S * r- 



9. mwrnm^Wv ^%iSt?>M-ei)ot, 

10. ^U^A8Xtt9CD^SC^T, 

11. ^U'fAlOCtSCfeV^, 



12. 9 V4 2* 1 1 ©^feCfc^T, 

13. ^P'fAl lOSSC^T, 

14. i> W A 1 OO^&Cfc^T, 
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